Type 2 diabetes mellitus (T2DM) has emerged as one of the important public health problems in South-East Asia, especially India[@ref1]. Osteoporosis is another important public health problem in India, especially, among elderly individuals. Screening for osteoporosis has been recommended in western population in their sixth decade of life[@ref2]. However, given the lower bone mass and density in Indian subjects and the tendency for the occurrence of an early menopause in Indian women[@ref3], earlier screening for osteoporosis appears beneficial. Patients with T2DM tend to have more frequent falls in the elderly age compared to their healthy counterparts which have been ascribed to presence of peripheral and autonomic neuropathy, underlying friable bony architecture in spite of having normal bone mineral density (BMD), underlying chronic kidney disease (CKD), and poor healing properties in these subjects after sustaining a fall[@ref4].

Data have emerged in the past decade about the deleterious effects of the OHA belonging to the class thiazolidinediones (TZD) on the bone metabolism[@ref5]. The published data do not provide concrete evidence regarding the exact relationship between these agents and the development of osteoporosis. Some studies[@ref5][@ref6] have documented the tendency of TZD to cause osteoporosis. Limited data are available on the effects of other OHA such as metformin and sulphonylureas on BMD[@ref7]. Given the complex interplay of factors *viz*. high BMI in patients with T2DM which is supposed to be a protective factor for osteoporosis, high risk of fractures independent of BMD[@ref7][@ref8], effect of various OHA on BMD in patients with T2DM, and lack of evidence in studies conducted in human subjects on causal relationship between osteoporosis and OHA prompted the present study. We therefore, studied the occurrence of osteoporosis and the effect of various OHA (especially TZD) treatment on BMD in patients with T2DM in south India.

Material & Methods {#sec1-1}
==================

Patients attending the out-patient and in-patient services of Medicine and Endocrinology departments of the Sri Venkateswara Institute of Medical Sciences (SVIMS), Tirupati, Andhra Pradesh, a tertiary care teaching hospital in south India, during the period February 2010 to June 2011 were enrolled in this cross-sectional study.

The sample size for the present study was calculated based on the following assumptions: Prevalence of osteoporosis in Indian, adult population = 35.1 per cent[@ref9]. While decreased bone mineral density (BMD) has consistently been observed in type 1 diabetes mellitus patients, in patients with type 2 diabetes mellitus, an elevated, decreased and normal BMD has been observed[@ref7][@ref8]. Given this background, we assumed the prevalence of osteoporosis in patients with T2DM was 2-fold than that observed in general population, α = 5%, power of the study (1-β) = 80%. The sample size thus calculated was 62 (31 subjects in each group).

The study protocol was approved by the Institutional Ethical Committee and patients were enrolled into the study after obtaining a written informed consent.

*Cases and controls*: Forty one patients with T2DM aged between 40 and 60 yr who were receiving treatment with OHA for a period of at least three consecutive years or more were included. Exclusion criteria were patients with T2DM on diet control alone, patients with T2DM on insulin (with or without concomitant OHA), on treatment with OHA for a period less than three years, using medications that are known to interfere with the calcium metabolism, such as, women who used oral contraceptive pills for a period more than one year prior to entering the study, women receiving hormone replacement therapy, history of fracture at sites, such as, hip, spine or radius following trivial trauma, seriously ill patients requiring bed rest, hospital admission for more than one month in the preceding six months prior to enrollment into the study, patients with known co-morbid medical conditions, such as, chronic inflammatory diseases (tuberculosis, sarcoidosis), CKD, decompensated heart disease, chronic liver disease, rheumatologic diseases, and long standing endocrine disorders, among others. Furthermore, patients with a BMI ≤ 18.5 kg/m^2^, current and past tobacco smokers, patients with a history of alcohol consumption and those unwilling to participate in the study were also excluded. Forty one age- and gender-matched apparently healthy individuals chosen from hospital staff and employees were included as controls.

A detailed clinical history, extent of glycaemic control, details regarding the duration of OHA use and their dosage were meticulously documented. All the participants were subjected to a detailed physical examination including recording of anthropometric data.

T2DM was diagnosed by the American Diabetes Association criteria[@ref10]. In all the patients in the study group, the following laboratory investigations were also carried out: complete haemogram, serum biochemistry, glycosylated haemoglobin (HbA1c) estimation and urinalysis. HbA1c levels were estimated by the Bio-Rad D10 Hemoglobin Testing System® (Bio-Rad, Hercules, CA, USA) functioning on high performance liquid chromatography based ion exchange chromatography.

*Bone mineral density assessment*: BMD was assessed in the study group and control subjects at the lumbar spine \[L1-L4 anteroposterior (LSAP)\] and left proximal femur using dual energy X-ray absorptiometry (DEXA) (Hologic, Prodigee, Walthm, MA, USA). The BMD values were analyzed separately for femoral neck (NOF) and LSAP. The BMD was recorded in terms of absolute mineral content (g/cm^2^) at both the sites. As race specific standards are not available for patients in India, Caucasian normative data provided by the manufacturer were used as reference range for T-scores.

Throughout the study, the same machine was used to assess the BMD. The same trained technician carried out all scans and analysis as per the manufacturer\'s instructions. The scanner was subjected to calibration daily and its performance was monitored as per the quality assurance protocol prescribed by the manufacturer. During the study period no sign of scanner drift was observed. The coefficient of variation of BMD measurement at both the regions studied was one per cent or less throughout the period of study. Patients in the study group and control subjects were categorized as per the World Health Organization (WHO) definition[@ref11][@ref12] to have normal BMD, osteoporosis and osteopenia. The individual T-scores and Z-scores were also recorded.

*Statistical analysis:* Data were recorded on a predesigned proforma and managed using Microsoft Excel 2007 (Microsoft Corp, Redmond, WA). Descriptive statistics for the categorical variables were performed by computing the frequencies (percentages) in each category. For the quantitative variables, approximate normality of the distribution was assessed. Variables following normal distribution were summarized by mean and standard deviation; the remaining variables were summarized as median \[inter-quartile range (IQR)\]. The association between two categorical variables was evaluated by Chi-square test or Fisher\'s exact test as appropriate. Student\'s t test, one-way analysis of variance (ANOVA) and Mann-Whitney U test, as appropriate were used to compare continuous variables between the groups. All tests were two-tailed and *P*\<0.05 was considered as significant. Statistical softwares PASW Statistics 18, Release 18.0.0, (IBM SPSS Statistics, Somers NY, USA); Systat 12, Version 12.00.08 (Systat Software, Inc, Chicago IL, USA); were used for statistical analysis.

Results {#sec1-2}
=======

During the study period, 204 patients with T2DM were screened for inclusion in the study. Of these, 41 patients satisfying the inclusion criteria were included in the study ([Figure](#F1){ref-type="fig"}). The baseline demographic characters of patients with T2DM, and control subjects are shown in the [Table I](#T1){ref-type="table"}. Majority of the patients included in the study were women \[31/41 (76%) subjects in each group\]; 26/31 women (84%) among study group and 25 of the 31 (81%) women among controls had attained menopause; the median (IQR) duration (years) of menopause was comparable between the two groups. There was no significant difference for normal BMI, overweight and obesity between the two groups.

![Flow diagram showing the study plan. More than one exclusion criteria were observed in some patients. T2DM, type 2 diabetes mellitus; OPD, out-patient department; OHA, oral hypoglycaemic agents; BMI, body mass index; HbA1c, glycosylated haemoglobin; DEXA, dual energy X-ray absorptiometry.](IJMR-141-431-g001){#F1}

###### 

Baseline demographic characteristics in study and control groups
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The mean duration of T2DM in study group was 6.44±3.1 yr; mean HbA1c (%) was 8.6±2. Fourteen patients were using either TZD alone or in combination with other OHA; the remaining 27 patients were using other OHA alone or in combination. At the time of evaluation, 21 of 41 (51%) patients in the study group were receiving treatment with atorvastatin alone (n=20), atorvastatin in combination with ezetimibe (n=1) for dyslipidemia; and 19 (46.3%) of the 41 patients were receiving treatment for hypertension. Overall, BMD in postmenopausal women was significantly less at the NOF (0.738±0.098 vs 0.810±0.119; *P*=0.039) and LSAP (0.810±0.110 vs 0.93±0.193; *P*=0.008) compared to premenopausal women. There was no significant difference in the BMD between T2DM patients with good and poor glycaemic control at NOF and LSAP.

The BMD (g/cm^2^) and Z-scores at NOF and LSAP were comparable between the study group and controls ([Table II](#T2){ref-type="table"}). There was no significant difference in the presence of normal BMD (g/cm^2^) (9/41 vs. 8/41), osteopenia (16/41 vs. 18/41) and osteoporosis (16/41 vs. 15/41) between the study and control groups. On comparing T2DM patients treated with TZD (n=14); those treated with other OHA (n=27) and normal controls (n=41), one-way ANOVA did not show any significant difference in the BMD NOF and LSAP; T-scores at the level of NOF; LSAP view and Z-scores at the level of NOF and LSAP view ([Table III](#T3){ref-type="table"}).
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Comparison of BMD between patients with T2DM and healthy control
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###### 

Comparison of BMD between patients with type 2 diabetes mellitus treated with thiazolidinediones; those treated with other oral hypoglycaemic agents and control subjects
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Among postmenopausal women, osteoporosis was evident in 13 of 26 (50%) T2DM patients and 12 of 25 (48%) control subjects and the difference was not significant. Patients with T2DM as well as controls who had a BMI (kg/m^2^) less than 25 had a marginally lower BMD at the level of NOF but, not at the level of LSAP when compared to those with BMI more than 25. A curious phenomenon was observed in the behaviour of BMD across the age groups. In the study group, the BMD (both at NOF and LSAP) declined from 40-45 yr through 46-50 yr up to 51-55 yr and again increased in 56-60 yr. In healthy controls the BMD declined from 40-45 yr through 46-50 yr, increased in the 51-55 yr and again declined in 56-60 yr age group. This observation was consistent when both the genders were considered together; and also when only women were considered as a sub-group in both the study and control groups.

Discussion {#sec1-3}
==========

In the present study, patients receiving OHA for a period of at least three years or more were included. This facilitated inclusion of patients in whom sufficient time had elapsed for detecting the effect of the OHA on BMD. Stringent exclusion criteria were employed in the present study to exclude patients who were at risk of developing osteoporosis due to various other diseases and conditions. Further, patients with type 1 diabetes mellitus (T1DM) were also excluded. T1DM is known to be associated with low BMI, which in turn is a risk factor for osteoporosis[@ref13] and T1DM manifests at a much young age than T2DM and can affect the peak bone mass (which in turn may affect BMD)[@ref14] at the age group considered for inclusion into the study.

Osteoporosis was observed in 39 per cent of T2DM patients and 36.5 per cent of the normal population. Other studies from India[@ref15], and other parts of the world[@ref16][@ref17][@ref18][@ref19] also documented a high prevalence of osteoporosis in postmenopausal women with T2DM. These observations suggest that T2DM need not necessarily be a protective factor against development of osteoporosis as was considered previously. In our study, 50 per cent postmenopausal women in the study group and 48 per cent among controls had osteoporosis. In a study[@ref20] from Vellore (Tamil Nadu State) which is near Tirupati in south India, high prevalence of osteoporosis was observed among healthy postmenopausal women. This could have been due to the low dietary vitamin D and calcium intake, high prevalence of vitamin D deficiency and higher dietary intake of phytates in this geographic region of the country as documented in an earlier study published from our Institute[@ref21]. In another study[@ref22] from south India, the risk of bone resorption was observed to be greater in early years than late years of menopause. This was attributed to decreased bone resorption risk in late postmenopausal women which might be due to increased follicular stimulating hormone levels.

In a study from Brazil[@ref17], the mean age of the patients was a decade older than in the present study and patients with history of fractures and patients with CKD were also included; no control subjects were studied. In spite of excluding patients with previous history of fracture and CKD, the occurrence of osteoporosis observed in the present study was similar to the observations from Brazil[@ref17] suggesting that the actual burden of osteoporosis in T2DM patients using OHA and in normal population in India may be much higher. In a study from Turkey[@ref16], patients with T2DM and control subjects did not differ on BMDs and T-scores at the hip, LS, and radius. Patients with radial and/or lumbar and/or hip osteoporosis had a longer duration of DM, were older and had a lower BMI[@ref16]. In our study also, a higher BMI was associated with higher BMD but, no association was observed between the extent of glycaemic control and BMD.

A higher prevalence of osteoporosis was observed in postmenopausal women with T2DM in Saudi Arabia compared with general population[@ref18]. Racial and ethnic differences may have influenced this phenomenon. A significantly lower BMD, T- and Z-scores at various skeletal regions were reported in non-obese, postmenopausal women with T2DM from China[@ref19]. In this study[@ref19], patients on TZD and premenopausal women were excluded whereas patients receiving OHA, insulin treatment were included. Obese women and control subjects were found to have similar BMDs and T- and Z-scores at various skeletal regions. This study[@ref18] also showed a positive correlation between fasting serum insulin levels with BMD at the LS, NOF and Ward\'s triangle. Age at onset and duration of menopause did not have any significant effect on BMD[@ref19]. In our study, postmenopausal women with T2DM with BMI less than 25 kg/m^2^ had marginally lower BMD at NOF with a trend towards significance (*P*=0.05) but, not at the level of LSAP when compared to patients with T2DM with BMI more than 25 kg/m^2^. A similar relation was also evident in postmenopausal women in control population (*P* =0.049).

In other studies[@ref16][@ref17][@ref18][@ref19] patients who were using TZD group of agents were excluded. We observed that there was no significant difference in the mean BMD, the median Z-scores and the mean T-scores at various skeletal regions between patients receiving TZD, other OHA and control subjects suggesting that use of oral hypoglycaemic agents for a minimum period of three years has not significantly affected the BMD in patients with T2DM. The pattern of the BMD observed across the age groups in both the study and control groups is contrary to the usual expected pattern of BMD which decreases with increasing age. Whether this behaviour reflects a hitherto undescribed observation or is the consequence of a small sample size needs further clarification.

In the present study, 51 per cent patients with T2DM with dyslipidemia were receiving therapy with statins. Data from some *in vitro* studies[@ref23][@ref24] suggest that statins have a positive pleotropic effect on bone mineral density. But such an efficacy in humans is yet to be clearly demonstrated. The quantum of gain in BMD in humans due to statin therapy in the age group under discussion is not known. Use of statins for simultaneous treatment of dyslipidemia and osteoporosis is not an approved indication at present. As data for statin use among control subjects were not available, adjustment for this confounding factor during analysis could not be done.

Non-availability of group of patients using insulin alone for T2DM for comparison was a limitation for this study. The study included patients attending a tertiary health care facility and the observations from the present study may not reflect the real scenario in the community. The non-availability of the normative data regarding BMD in Indian population is a significant limiting factor. Further studies with larger sample size are required to develop BMD data for Indian population. Given the fact that the higher fracture risk in patients with T2DM is independent of BMD, screening, recognition, and institution of preventive measures for osteoporosis in T2DM patients is warranted so as to preserve a good quality of life in these patients.
